Lead toxicity has long been documented and acknowledged as a significant health issue of water birds and avian scavengers. However, few instances of toxic effects to higher mammalian carnivores have been documented. Here we present an acute case of lead toxicity in a free-ranging cougar (Puma concolor) in Oregon.
Effects of lead toxicosis have been documented in multiple wildlife species; most commonly causing significant morbidity and mortality in waterfowl and avian scavengers. An extensive review of this topic by The Wildlife Society was recently published (Rattner et al. 2008) . Among wildlife, birds have taken the brunt of the impacts of lead poisoning due to ingestion of lead shot or sinkers by waterbirds (Franson et al., 2003) or through scavenging of carcasses with residual lead ammunition or fragments (Cade, 2007) . Little research has been performed examining impacts to wild mammalian communities (Stansley and Roscoe, 1996; Lewis et al., 2001) , and documentation of direct impacts on mammalian predators or scavengers is scarce (Rogers, in press ). We report a case of acute lead toxicosis in a wild cougar (Puma concolor) from ingestion of spent lead ammunition in Oregon timberland.
In June of 2010, a call from the public prompted the recovery of a deceased adult female cougar from private timber property in western Oregon. The cougar was emaciated and had no external signs of trauma. Tooth annulation aging determined her age to be 5 yr. A complete gross necropsy was performed, revealing a full, heavy stomach of granular material and a 3-4 cm diameter moderately inflamed diverticula near the pylorus. All stomach contents were recovered, washed, and air dried (Fig. 1) . Total dry weight of ingesta was 0.27 kg and consisted of a predominance of 2-3 mm lead shot, with an occasional metal bullet jacket and small shards of brown glass, with no other ingesta present (Fig. 2 ). Pellets were determined to be lead based on malleability, comparative density measurements to known lead shot, and elevated tissue lead levels. Besides the absence of visceral fat, there were no other obvious abnormalities detected in the carcass. Tissues were too decomposed for histopathology, but liver and bone samples were collected for trace element analysis.
Trace element analysis of the liver was performed by inductively coupled plasma atomic emission spectrometry at the Michigan State University Diagnostic Center for Population and Animal Health (Lansing, Michigan, USA) and revealed an extremely high lead concentration of 376 ppm (376 mg/g) wet weight. Other elements that varied from normal limits included arsenic at 1.04 ppm (normal ,0.05, .5 toxic) and iron at 502 ppm (normal 140-410 ppm), both potentially elevated due to the ingestion of metal ammunition. Lead toxicosis studies involved wild birds and demonstrated clinical and fatal poisoning of liver lead levels between 6-22 ppm wet (Friend, 1999) . Mammals demonstrating various symptoms of lead toxicosis have been documented with average liver lead levels ranging of 3-26 ppm wet weight (Ma, 2011) . A clinical case of a free-ranging raccoon in Connecticut had a liver lead level of 35 ppm (Diters et al., 1978) . In domestic cats (Felis catus), liver lead levels greater than 3.6-10 ppm wet weight are considered diagnostic for lead toxicosis (Bratton and Kowalczyk, 1989) .
To evaluate potential long-term exposure of lead, similar elemental analysis was performed on a bone from a phalanx from this cougar at the USGS-National Wildlife Health Center, (Madison, Wisconsin, USA). The lead level was 7.41 ppm, dry weight via flame atomic absorption spectrophotometry, which is consistent with background levels found in phalanxes from red grouse (9.063.5 ppm; Thomas 2010). This bone lead level was much lower than those documented in small mammals associated with heavily contaminated environments (26-735 ppm; Ma, 2011) , suggesting lead exposure was likely relatively acute.
The liver lead level in this cougar was nearly 20 times greater than fatal toxic levels documented in other species and sufficient to result in pathological effects, poor health, or death. Malnutrition and poor gastrointestinal motility from the pyloric outflow obstruction likely had contributing effects. We cannot surmise FIGURE 2. Stomach contents recovered from an adult free-ranging Oregon female cougar (magnified view demonstrating the additional presence of glass fragments and bullet jacketing). whether the diverticula near the fundus was present prior to ingestion of the lead shot or as a consequence of chronic attempts at gastric emptying of large amounts of heavy lead pushing on the stomach wall.
Although the origin of the lead shot in the stomach of this cougar is unknown, the large quantity, mixed ammunition, presence of glass, and history of numerous shots being heard in the area make ingestion of one or multiple carcasses in an area of heavy ammunition build-up (such as an unofficial shooting range) a potential scenario. Ingestion of a large quantity in one or two feedings seems most plausible since ingestion of small amounts of lead at a time should have resulted in passing of the lead through the gastrointestinal tract. Free-ranging cougars are known to consume large quantities during an individual feeding event, known as gorging (Danvir and Lindzey, 1981) , and frequently employ scavenging as a feeding strategy (Bauer et al., 2005) .
Based on the published literature, this is one of the first documented cases of lead toxicosis in a large free-ranging mammalian carnivore. Exposure to lead in avian scavengers during the hunting season is likely due to bullet fragments in offal piles (Hunt et al., 2006) . A similar phenomenon was evaluated in grizzly bears (Ursus arctos) and other large mammalian carnivores in and around Yellowstone National Park, where blood lead levels did not significantly change during the hunting season (Rogers, in press) . In this study, a small sampling of cougars was shown to have low blood and tissue lead levels, demonstrating the need for further research focusing on the potential risk and exposure to lead in mammalian carnivores in a variety of ecosystems and times of the year.
This case indicates that under some circumstances, lead in the environment can be made available to large mammalian carnivores or scavengers. The impacts of environmentally-based lead on wildlife continues to be an important topic of wildlife management policy decisions and research as management agencies explore the future use of less toxic metals in recreational hunting and fishing.
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